semen characteristics (volume, pH, agglutination, viscosity), evaluation of sperm concentration, progressive motility, normal 1 Reproductive Biology Research Laboratory, Department of morphology (strict criteria) (Menkveld et al., 1990) (Baker and Clarke, 1987; Dunphy et al., 1989; Menkveld et al., 1990 Menkveld et al., , 1991 Morgenthaler et al., 1995) . Inter-technician and between-laboratory differences, Therefore the value of sperm morphology assessments as a especially during the evaluation of sperm morphology, have predictor of a man's fertilizing potential has often been been a major cause of concern. The study aimed to challenged due to different classification systems. Several develop an intensive training programme with intervals of factors are responsible for this technical variation, including continuous quality control assessments for sperm morphodifferences in the methods used to prepare and stain specimens logy. Twenty andrology laboratories from sub-Saharan (Katz et al., 1986; Davis and Gravance, 1993) (Davis and Gravance, 1994; Ombelet et al., 1995 Ombelet et al., , 1998 . These sperm morphololgy evaluation, a continuous quality control differences in methodologies between laboratories are well programme was introduced on a quarterly basis. At baseknown, but since the publication of the World Health Organizaline, the mean (⍨ SD) percentage difference reported tion manual (WHO, 1999) the between-laboratory variation between the participants and the reference laboratory can be negated. Intra-and inter-individual variability should reading was 33.50 ⍨ 11%. After training, the mean decrease to non-significant levels of difference. An everpercentage difference had decreased to 14.32 ⍨ 5% at 3 remaining problem would be the comparison of the predictive months and to 5.00 ⍨ 5% at 6 months. Pairwise comparison power of semen parameters of one setting with another and of the differences at each evaluation time revealed the the attempt to transfer the specific values to fit their patient following: Baseline differences (pre-training) differed signipopulation. A recent comprehensive study of so-called normal ficantly from the differences at 3 months (P ⍧ 0.0002) as couples attempting to achieve conception showed that the well as at 6 months after training (P ⍧ 0.007). The probability of conception increased with increasing sperm differences at 6 months did not differ significantly from concentration up to 40ϫ10 6 /ml and that the proportion of those at 3 months (P ⍧ 0.27). Training of andrology spermatozoa with normal morphology was strongly related to technicians as well as continuous proficiency testing can be the likelihood of pregnancy, independently of sperm concentraconducted on a national and international level with the tion (Bonde et al., 1998). These findings should be interpreted support of a referring laboratory. Global quality control with caution, since these completely different populations of measurements in andrology laboratories should become patients differ from those referred to assisted reproductive mandatory, since these results indicate that continuous programmes. A meta-analysis has confirmed the importance quality control for laboratory technicians can be highly of sperm morphology as a predictor of male fertility (Coetzee successful.
significant variation in the percentage of normal spermatozoa Geneva, Switzerland when specimens are analysed by different observers and 4 To whom correspondence should be addressed laboratories (Baker and Clarke, 1987; Dunphy et al., 1989; Menkveld et al., 1990 Menkveld et al., , 1991 Morgenthaler et al., 1995) .
Inter-technician and between-laboratory differences,
Therefore the value of sperm morphology assessments as a especially during the evaluation of sperm morphology, have predictor of a man's fertilizing potential has often been been a major cause of concern. The study aimed to challenged due to different classification systems. Several develop an intensive training programme with intervals of factors are responsible for this technical variation, including continuous quality control assessments for sperm morphodifferences in the methods used to prepare and stain specimens logy. Twenty andrology laboratories from sub-Saharan (Katz et al., 1986; Davis and Gravance, 1993) , differences in Africa were invited to participate in a World Health proficiency among technicians (Zaini et al., 1985 ; Baker and Organization Special Programme of Research, DevelopClarke, 1987; Dunphy et al., 1989; Menkveld et al., 1990) 
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and inherent differences in classification criteria and methods semenology workshop. Following intensive training in strict (Davis and Gravance, 1994; Ombelet et al., 1995 Ombelet et al., , 1998 . These sperm morphololgy evaluation, a continuous quality control differences in methodologies between laboratories are well programme was introduced on a quarterly basis. At baseknown, but since the publication of the World Health Organizaline, the mean (⍨ SD) percentage difference reported tion manual (WHO, 1999 ) the between-laboratory variation between the participants and the reference laboratory can be negated. Intra-and inter-individual variability should reading was 33.50 ⍨ 11%. After training, the mean decrease to non-significant levels of difference. An everpercentage difference had decreased to 14.32 ⍨ 5% at 3 remaining problem would be the comparison of the predictive months and to 5.00 ⍨ 5% at 6 months. Pairwise comparison power of semen parameters of one setting with another and of the differences at each evaluation time revealed the the attempt to transfer the specific values to fit their patient following: Baseline differences (pre-training) differed signipopulation. A recent comprehensive study of so-called normal ficantly from the differences at 3 months (P ⍧ 0.0002) as couples attempting to achieve conception showed that the well as at 6 months after training (P ⍧ 0.007). The probability of conception increased with increasing sperm differences at 6 months did not differ significantly from concentration up to 40ϫ10 6 /ml and that the proportion of those at 3 months (P ⍧ 0.27). Training of andrology spermatozoa with normal morphology was strongly related to technicians as well as continuous proficiency testing can be the likelihood of pregnancy, independently of sperm concentraconducted on a national and international level with the tion (Bonde et al., 1998) . These findings should be interpreted support of a referring laboratory. Global quality control with caution, since these completely different populations of measurements in andrology laboratories should become patients differ from those referred to assisted reproductive mandatory, since these results indicate that continuous programmes. A meta-analysis has confirmed the importance quality control for laboratory technicians can be highly of sperm morphology as a predictor of male fertility (Coetzee successful. et al., 1998) . There was a pregnancy rate of 15.2% among the Key words: andrology/quality control/strict sperm-morphocouples in the morphology group with Ͻ4% normal forms logy/training compared to 26% among the Ͼ4% group. Sperm morphology therefore is possibly the most consistent sperm variable which appears to be related to in-vitro fertilization (IVF) success Introduction (Enginsu et al., 1991; Kobayashi et al., 1991; Liu and Baker, 1992; Ombelet et al., 1995) . A logistic regression model, The andrological investigation still relies on a thorough history and physical examination of the male partner and the 'basic'
including DNA status and morphology of spermatozoa revealed (Kruger et al., 1986; Menkveld et al., 1990) . It is also the method sperm morphology (strict criteria) and concentration of promost widely used in andrology laboratories and is the method gressive motile spermatozoa to be the principle predictors for recommended by WHO (1999) .
IVF (Duran et al., 1998) . Based on the reported clinical importance of sperm morpho-
Continuous quality control (CQC) system
logy (Oehninger et al., 1991; Ombelet et al., 1994 Ombelet et al., , 1997a  Participants were requested to enroll in the CQC system that entailed Coetzee et al., 1999) Evaluation of the system Laboratories from sub-Saharan African countries, i.e. Uganda,
The results of the participants' morphology evaluation at each stage Zimbabwe, Zambia, Cameroon, Kenya, Nigeria, South Africa and of the training programme were compared with the evaluation of the Tanzania were requested during April 1997 (n ϭ 10) and September reference laboratory, and the difference in score was calculated. This 1998 (n ϭ 10), to participate in semenology workshops at Tygerberg change in agreement with the reference laboratory, measured over Hospital with the objective to establish a continuous quality control time, was the outcome parameter of interest, which would be indicative system for sperm morphology evaluation. In addition to basic semen of the participants' change in skill in evaluating sperm morphology analysis training, an intensive sperm morphology teaching course on a slide. The ability of participants to correctly classify spermatozoa was presented during a 5 day hands-on workshop at the Reproductive was further assessed by the group classification described for strict Biology Research Laboratory at Tygerberg Hospital.
criteria at each stage of the programme, namely, p-pattern (ഛ4% Prior to the training, participants performed a morphology evalunormal forms), g-pattern (5-14% normal forms) and normal pattern ation (percentage normal cells) on pre-stained Papanicolaou slides.
(Ͼ14% normal forms). A group classification was regarded as These results were compared with an evaluation by a highly experiincorrect when the mean percentage normal forms reported surpassed enced panel of morphology experts, and the data used as a reference the 95% CI (Ͼ2ϫSD) of the mean score assessed by the reference set to evaluate improvement in participants' skills.
laboratory.
Training
Statistical analysis Following the pre-training evaluation, delegates were provided with Statistical evaluation was performed with Statistica for Windows a take-home reference set of five pre-stained Papanicolaou slides Release 5.1 (Statsoft Southern Africa Ltd, Private Bag X131, South which consisted of the following: slide 1 contained spermatozoa from Africa; 1997) and consisted of evaluation of individual scatterplots a donor with Ͼ14% normal forms (this slide was also used during for each participant's data and pairwise comparisons of differences pre-training evaluation), slide 2 contained spermatozoa with Ͻ4%
at and between evaluation times with the Wilcoxon matched pairs test. normal forms. Slides 1 and 2 were repeatedly used until each participant was familiar with the shape and microscopic appearance of the so-called normal spermatozoa according to strict criteria. Slides Results 3, 4 and 5, used during the teaching course, contained sperm samples Data are shown in Table I , with mean (SD), median and range with Ͼ14%, 5-14% and ഛ4% normal forms, respectively. The latter of the differences between participants and the reference slides served as a control to evaluate the participant's knowledge of laboratory. The mean percentage difference (Ϯ SD) reported normal sperm cells. For a spermatozoon to be considered normal, the sperm head, neck midpiece and the tail must be normal. The head between the participants and the reference laboratory reading should be oval in shape. Allowing for the slight shrinkage that fixation was 33.50 Ϯ 11% (Table I, 
difference 1). The mean (Ϯ SD)
and staining induce, the length of the head should be 4.0-5.0 µm and percentage normal forms reported during the pre-training the width 2.5-3.5 µm. The length-to-width ratio should be 1.50-1.75. evaluation by the participants was 52.75 Ϯ 13% compared to These ranges are the 95% confidence intervals (CI) for Papanicolaouthe 19.25 Ϯ 3% recorded by the reference laboratory. stained sperm heads (Katz et al., 1986) . Estimation of the length and Three months after training, the mean percentage difference width of the spermatozoa were made with an ocular micrometer.
between the participants and the score reported by the reference There should be a well-defined acrosomal region comprising 40-70% laboratory was 14.32 Ϯ 5% (Table I, mean percentage difference between the participants and the morphology experience at Tygerberg Hospital prior to the semenology workshop. score reported by the reference laboratory, decreased to 5.00 Ϯ 5% (Table I, 
difference 3). The mean percentage normal forms
Strict sperm morphology group classification, i.e. p-pattern (ഛ4% normal forms), g-pattern (5-14% normal forms) and reported by the participants was 14.16 Ϯ 8%, compared to the 12.66 Ϯ 6% by the reference laboratory (Table I) .
normal pattern (Ͼ14% normal forms) were recorded for each individual laboratory participating in the programme. The Pairwise comparison of the differences at each evaluation time revealed the following: Baseline differences (pre-training) initial group classification of the results obtained at the pretraining evaluation revealed only one correct classification differed significantly from the differences at 3 months (P ϭ 0.0002) as well as at 6 months after training ( Figure 1R ). Three months post-training showed eight out of 19 laboratories with correct group classifications, whereas 10 (P ϭ 0.007). The differences at 6 months did not differ significantly from those at 3 months (P ϭ 0.27).
out of 12 laboratories, where results were available, classified the spermatozoa correctly. Individual progress for each of the 20 participants were analysed using categorized scatterplots ( Figure 1A-T) . The learning curve for each participant is shown in the scatterplots Discussion by the curve between individual points. The initial difference recorded between participant and the reference laboratory Evaluation of the percentage of normal sperm morphology features with light microscopy is subjective, and therefore shown in Figure 1A for example, was 51% and further decreased to 2%. The dramatic improvement is illustrated by difficult to compare between laboratories, even within laboratories. Different means of assessing sperm morphology have the steep slope of the regression line. Similar findings were recorded for all but Figure 1C , D, Q and R. The slope of the been described (MacLeod and Gold, 1951, Eliasson, 1971; Freund, 1966; WHO, 1980 WHO, , 1987 WHO, , 1992 WHO, , 1999 Kruger et al., regression line indicates that these individuals had a better understanding of the morphological configurations of a normal 1986; Ombelet et al., 1997b Ombelet et al., , 1998 . Cooper et al. (1999) described the results from an external quality control (EQC) sperm cell. The participant represented in Figure 1R did not enter the CQC programme, since this individual gained programme for semen analyses during which formalin-fixed semen samples and video tapes of motile spermatozoa were brought back to the reference laboratory for advanced training sessions. distributed every 3 months to participating laboratories over a period of 3-4 years (Cooper et al., 1999) . The initial under-
The results of the present study are encouraging since the 20 participants, once trained, maintained for a period of at scoring of the percentage normal forms was later abolished to reach a closer agreement. Despite the efforts to standardize, least 6 months a high level of accuracy in their morphology assessments. Training of technicians as well as regular profisperm morphology remains one of the most controversial semen parameters in terms of its role in male fertility potential ciency testing will ensure continuous communication with the referring laboratory. Proficiency testing of technicians' skills (Ombelet et al., 1994 (Ombelet et al., , 1995 (Ombelet et al., , 1997a . A cross-sectional study (Chia et al., 1998) of semen parameters in Singapore recorded is of the utmost importance if andrology laboratories want to secure a professional code of conduct. The authors firmly a 'low' mean percentage of normal sperm morphology (20%) among proven fertile men. Although Chia et al. (1998) believe that global quality control measurements in andrology laboratories will eventually become mandatory. A high quality concluded that WHO criteria for normal sperm morphology were too stringent, their findings are in close agreement with semen analysis still represents the cornerstone in the investigation of the infertile couple. In order to maintain low intrathose originally described for strict criteria (Kruger et al., 1986; Menkveld et al., 1991) . The most prominent problem and inter-technician variation and high quality proficiency testing among laboratory technicians, continuous teaching in morphology classification and morphology scoring is the large coefficient of variation (CV) that exists between and programmes should be available to all. The authors feel satisfied with the results of this ongoing among different technicians in different laboratories. During a multi-centre trial, Ombelet et al. (1998) evaluated intra-and study, since the initial training and continuous quality control of the andrology laboratories in Africa provides a standard of inter-individual variability and between-laboratory variation using the same or different criteria of sperm morphology sperm morphology evaluation that will eventually be beneficial to the clinician and patient. Sperm morphology training proassessment. Semen samples were obtained from 20 males and 32 smears were made of all the samples. Eighty coded smears grammes are of the utmost importance in all andrology laboratories, especially since the literature clearly indicates were sent to eight laboratories for morphology assessment. The centres applied different classification systems and participants that improper technical skills can leave clinicians without a proper diagnosis. were requested to analyse the smears twice, with a 1 week interval. Interclass correlation between repeats showed that sperm morphology could be assessed with acceptable within
